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® Dye mixtures and optical recording elements containing same. 

<§) A dye mixture comprising et least two different unsym me- 
trical bb[1£<liphenyM.2*th8JiedtM 
compounds is disclosed. The mixture Is useful In optical 
recording layers. 
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This Invention relates to mixtures of platinum dithiolene dyes and their use In optical recording elements. 

In optical recording processes generally a laser beam 8s modulated, e.g., pulsed corresponding to a pattern 
of Information, and focused onto the surface of a recording layer of a recording element 

The recording layer absorbs sufficient energy at the wavelength of the laser beam to cause smaD portions of 
the layer to bum, evaporate or otherwise deform. Generally, there Is continuous relative motion between the 
laser and the layer so that, as the laser is pulsed or modulated, discrete pits or holes of varying length are 
created In the layer. The length and spacings of them holes constitute the encoded information. 

The resulting recorded Information Is generally read back by turning down the power of the writing laser or 
by using another laser to which the layer is transparent thereby precluding the reading laser from further 
physically altering the recorded layer. The reading beam as disposed to follow the same path as the recording 
beam. When the read beam Is significantly absorbed by tfoe recording, an optical density difference Is detected 
between recorded and unrecorded area. When the read beam Is transmitted by the layer, light scattering 
caused by the recorded and unrecorded areas are detected as an optical density difference. 

This density difference Is detected by a photodetector positioned to receive laser radiation reflected from 
the underlying support where holes have been formed in the recording layer (In the case of a reflective 
support). The detected density variations are converted back Into electrical signals corresponding to the 
information recorded 

Optical recording elements comprising a bfnderless layer of a single platinum dithiolene dye as the 
recording layer are known, it is also known to coat a platinum dithiolene dye with a binder to form an optical 
recording layer. However, in each instance upon incubation crystallization of the dye occurs. Crystallization 
has a negative effect upon the carrter-to-nolse ratio of amorphous recording layers. Moreover, experiments 
have shown that it Is extremely difficult to dissolve sufficient amounts of such dyes in conventional coating 
solvents to make optical recording layers having the desired sensitivity. 

It is the object of the present invention to provide optical recording layers comprising platinum dithiolene 
dyes, which do not suffer from problems of crystallization. This objective is achieved by the present Invention 
which provides a dye mixture comprising at least two different unsymmetrical Ws[1 ,2-tfphenyl-i ,2-ethanedtthi- 
olato(2-)-S,&]-platinum compounds. 

it has been found that vacuum deposition of such mixtures, with or without a binder, results In amorphous 
optical recording layers in which crystallization does not occur during incubation. By amorphous, we mean that 
the recording layer is non-crystalDne. 

In a preferred embodiment the compounds of the mtetures have one or more of the following structures (I 
and li):. 
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wherein R, which may be the same or different in structures i and II, represents a lower akyl or alkoxy group 
having up to 6 carbon atoms such as methyl, butyl, isopropyl, methoxy, butoxy or propoxy. 
60 The optical recording elements of the Invention comprOse a support having thereon a recording layer of a dye 
mixture of this Invention, with or without a binder. 

Depending upon the desired mode of reading the element, the support is either reflective or transparent. In 
the case of a reflective support, preferably each side of tthe support Is reflective and a recording layer may be 
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provided on each side. The support Is any of a wide variety of materials Including for example, glass plate, glass 
plate coated with a 0.06 pm <5O0 A) thick reflective layer of aluminum or gold, paper, clay, wood or metal or a 
resin film or plate such as polyethylene terephthalate), poly(methyl methacrylate). pofyfvinyf chloride) 
polystyrene or cellulose acetate. Important characterlstice of the support are that It has a relatively high 
melting point (to avoid deformation during recording), has a very smooth surface (to minimize noise), and be 5 
capable of being coated with a layer of an amorphous material. There should, of course, be good adhesion and 
no significant chemical reactivity between the layer and the support 

To improve the smoothness of the support, a smoothing layer may be applied thereto. The smoothing layer 
Is generally formed from low-viscosity, polymerizable fluid which is coated on the surface of the support 
Following coating, polymerization of the fluid produces a mlcrosmooth surface on the support. The support 10 
can be made reflective by vacuum metalizatlon of the smooth surface. In preferred embodiments the 
polymerizable fluid comprises photopolymerteable monomers. Preferably, the monomers or mixtures of 
monomer are low-viscosity fluids in the absence of a solvent. Useful polymerizable fluid compositions are 
described in U.S. Patents 4,446,233; 4,092,173 and 4,171 .979. 

An especially useful smoothing layer is disclosed in U.S. Patent 4,619.890. It comprises a crosslinked 15 
homopolymer in which the polymerized, crosslinked recurring unit Is derived from a single monomer having 
the structure. 

o 

n so 

P-f*-K^-C-C=CH 2 ] m 
R 1 



Q represents -fCHjj^o- or cch«ck 2 o^j 

P represents a^benzene or a cyciohaxane nucleus; 



R represents -c-o— or -o~; 

R* represents hydrogen or methyl; 30 
n Is 2 to 10; and 
m Is 2 to 4. 

These monomers are polymerizable and crossllnkable with radiant energy such as UV light. Such monomers 
are disclosed in US. Patent 4,322,490. 
Representative monomers conforming to the above structure are presented below: 35 
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Sm^lng J^wformulations comprising these monomers generally include a photoinfflator imposition as 
descnbed in U.S. Patent 4,485,161. The photoinitlator composition comprises, for example, an amine activator 
and a 3-ketocoumann photo- sensitizer. However, almost any photolnitlator composition Is useful. 30 

Thesmoothing layer formulations are made by combining a monomer and an appropriate solvent with a 
sensitizer and mixing at a constant temperature until solution Is obtained. Then an activator Is added to the 
solution end mixed until a clear solution is obtained. The order of combining the components Is not essential It 
is necessary, however, to obtain a clear solution. 

In generaU the smoothing layer formulations wili comprise, on a dry weight to weight basis, from 60 to 93 35 
percent of the selected monomer; from 2 to 10 weight percent of activator: and when desired, 1 to 5 weight 
percent of the photosensitize r In an appropriate solvent. 

7 !lL f ^° r ^ 9 layer com P rfsln 9 one tne <Jy© mixtures of the invention, with or without binder. Is vacuum 
coated. The thickness of the recording layer according to the present invention Is not critical. However best 
resufts are obtained when the thickness of the layer Is between 0.1 and 10 urn. ' 40 

The recording layers comprising a dye mixture of this invention and a binder ideally have an absorption 
factor of at least 20. It Is clear from the fact that blnderless layers of the dye mixtures are operable as optical 
recondlng layers, one need only avoid using too much binder In the layers to achieve an absorption factor of at 
teast 20. Depending on the dye mixture selected, layers comprising up to 76 weight percent binder should be 
operable^ Such layers are capable of producing depressions or holes (or pits) surrounded by sharply defined 45 
ridges when subjected to the writing laser. This type of deformation can be read back using a read beam which 
is 1) not significantly absorbed by the recording layer or 2) at low enough energy at the absorbing wavelength 
to avoid altering the encoded informatJoa By -sharply defined ridge" is meant that the ridge and 
no^epresslon have noticeable boundaries and that, as measured In the plane of the undeformed outer 
surface of the layer, the width of the ridge la Jess than or equal to the breadth of the hole depression These 50 
dimensions can be measured from an electron micrograph of the pits. 

The 'absorption factor" of the recording teyer is defined as the product of the weight fraction of dye included 
a^LLT*? 6 m f >lar ^L™* 0 " <**n1cient of the dye at the wavelength of the recording beam of choice 
^£5* * v mo i ecular "Bfcnt <* the dye <MW). and having the units of liter per gm-cm. Where necessary the 

l^ nde [ on t h e absorption spectrum of the dye is taken into consideration In calculating the 55 

™ x *™- A procedure for thIscorrect,on * * 

Useful binders are disclosed In U.S. Patent 4.499,165. The useful binders are mixtures of compounds The 
?£ UreS > J? amc >? ht>U8 - < b > * olld at 20«C. and (c) comprises at feast two different compounds each 
having at least two linking components joining one multivalent organic nucleus with at least two organic nuclei €0 

^!! l?L ,0aSt °" e ° f the multlvate nt organic nucleus and the organic nuclei is a muitteyclfc aromatic nucleus 

The thickness and absorption factor of the recording layers used In the elements of the present invention 
can be optimized by a method which Is described In Research Disclosure . Item 20636, June 1 981 publish edbv 
Industrial Opportunities Ltd., Homewell, Havant, Hampshire, P09, 1EF , UK. PuousneoDy 

A thermal and mechanical barrier layer is optionally coated over the recording layer of the optical recording 65 
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element. The purpose of this thermal and mechanical barrier layer Is to protect the recording layer from 
defects such as scratches, dirt and fingerprints. Another function of the thermal and mechanical barrier layer Is 
to prevent the material which Is vaporized or ablated from the recording layer from depositing on the optical 
system and other components of the recording apparatus. 
5 Many materials have been proposed for the thermal and mechanical barrier layer. Bartollnl et al In "Materials 
for Optical Recording - In a final report for Contract MDA904-76-C-0429 tor the National Security Agency. 
August, 1977, reported experiments with a wide variety of overcoat materials. Especially useful thermal and 
mechanical barrier layers comprising water-solubje polymers having a glass transition temperature when dry 
of at least 100°C. are disclosed in US. Patent 4.430.655. 
to Optimization of the recording elements of the present invention is described In U.S. Patent 4,360,808. 
Preferred disc configurations are described In U.S. Patent 4,447,899. 
The dye mixtures of this invention were prepared in one reaction vessel according to Example 1. 

Example 1 

15 A mixture of the invention was prepared by mixing 1.61 g (0.006 mole) of t-butyl benzoin, 1 .52 g (0.006 mole) 
of Isopropylbenzoln, 1 .45 g (0.006 mole of methoxybenzoin and 8:9 g (0.04 mole) of phosphorous pentasuffide 
in 150 mL of dloxane. The mixture was heated at reflux temperature for three hours, The reaction was cooled to 
room temperature and filtered to remove Insoluble material. The filtrate waa treated with 3,74 g (0.009 mole) of 
potassium tetrachloroplatinate In 90 mL of water and brought to reflux for tWo hours. After cooling to room 

20 temperature, the reaction mixture was stirred overnight The solvents were removed under vacuum. The 
residue was triturated with acetonitrile and the solid collected by filtration. The solid was extracted for four 
hours with methylene chloride. The methylene chloride extractions were concentrated and the residue again 
triturated with acetonitrile and filtered. Trie solid was washed with methanol and pentane to give 4.4 g of dark 
material Vmax in methylene chloride — 819 nm (e — 37,800), 

25 Because of the three different R substituents involved (t-butyl, (sopropyi, and methoxy) in the reaction and 
the random nature of the reaction, a mixture of at least six different dyes was obtained without considering the 
•els-trans' 1 isomer possibilities, wherein the R substituents are on the same side or diagonally opposed across 
metal coordination centers. 
Other dye mixtures were prepared by the same procedure described in Example 1, except using the starting 

30 benzoins shown In Table I, to produce dye mixtures of the Invention. 
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The surtabilily of the recording elements comprising recording layers of the dye mixtures of this invention 
was determined in the following examples using a "static pit tester'. The static pit tester provides automated 
facMbes for exposing staidart test patterns on 2- by 2" glass elides or film samples with a laser. A 
microcomputer using FORTH language was used to control the sample position and the laser power 

Layers of the dye mixture, with or without a binder, were prepared by vacuum coating methods. 

Each layer was then exposed. In the static pit tester, to a power series array to produce pits on 4 micron 
centers ateach of six power levels (2. 3, 4. 6. 8 and 10 milliwatts) on the sample, with a 50 nanosecond pulse 
duration from an 830 nanometer wavelength GaAIAs diode laser. This pattern was repeated at 2 mm Intervals 
across the sample for a total of thirteen test patches. These test patches were examined with a Nomarsky 
differential interference contrast microscope to determine the presence or absence of pits In a particular 
coating. A layer is considered useful when a pit Is formed at any of the six power levels at any position of the 
coating. 

Pits were formed In each of the fourteen coated compositions. 
Example 7 

A sample of the dye mixture of Example 5 was vacuum evaporated, without a binder, to a thickness of 0.1 1 
^n n Jlt^L^l ^ had been precoated by vacuum deposition wfth a reflective layer of chromium and 
gold overcoated with a smoothing layer. The coating was Incubated for one week at 60° C and 3CKVb relative 
humidrty, then stored for 6 months at ambient conditions. The resulting element was written on with a GaAIAs 
diode laser using the static pit tester. Pits were written on the glass slide over a laser power series of 9.7 8 4 
6.9, 5 3. 4.8. and &6 mW and through a time series of 40, 60. 100, 200. 400. 1000, 2000, 6000. 10,000 and 30 000 
ns. Photomwrog raphs of the slide at 700x and 1400x magnification showed no crystallization of the recordino 
media, and good pit formation over most of the power vs. time exposure series. 

Examples 8-13 

K J^^^ nt mfrtures (examples 1. 5, and 6 ) were separately coated with one of the two following 
binders to make six different optical elements: 8 
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The structure of binders 1) and 2) are designed to emphasize the random nature of mix of compounds 50 
making up the binder. Such binders are fully disclosed In U.S. Patent 4,499,165. 

Each dye mixture and binder was vacuum coated and sandwiched between a 20nm silicon dioxide overcoat 
and a 100 nm gold reflecting layer. The vacuum coated layers were near 0.11 urn thick and contained a dye 
mlxture/brnder ratio of 1/1. The combinations of the materials are Hated below. 
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Example No, 

8 

9 
10 
11 
12 
13 



Dye Mixture 
Example 1 
Example 1 
Example 5 
Example 5 
Example 6 
Example 6 



Binder No, 
2 
1 
2 
1 
2 
1 
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Each element was incubated at 60* (140°F) and 30% relative humidity for a period of six weeks. No defects 
were Identified as crystallization In the vacuum coated optical recording layers. 

Example 14 

An optical recording composition comprising the dye mixture of Example 1 and binder 2 was thermally 
evaporated fn vacuo to a final thickness of 1.10 x 10-*mm onto a reflecting layer of chromium <10- 7 mm) and 
Au (10-*mm). The reflective layer rested on a smoothing layer which In turn was coated on a glass support. 
The write and read wavelengths were 630 and 633 nm respectively. The maximum CNR (Carrler-to-Noise 
Ratio) observed was 65.8 dB at a write laser power of 10 mW. 
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Claims 

1. A dye mixture comprising at least two different unsym metrical bls[1, 2-dlphenyM.2-ethanedlthlo- 
!ato(2-)-S l S1- platinum compounds. 

2. The mixture of claim 1 wherein the compounds of the mixture have one or more of the structures (I 
and II) 
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wherein R, which may be the same or different for Structures I and II, represents a lower akyi or aJkoxy 
group having up to 6 carbon atoms. 
3, The mixture of daim 2 selected from th e group consisting of: 

Mixture 1) comprising compounds of Structures I and/or II wherein each R group Independently is 
t-butyl or methoxy; 

Mixture 2) comprising compounds of Structures I and/or II wherein each R group independently id 
t-butyl or Isopropyl; 

Mixture 3) comprising compounds of Structures I and/or II wherein each R group independently is 
methoxy or isopropyl ; 

Mixture 4) comprising compounds of Structures I and/or II wherein each R group independently Is 
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t-butyl. isopropyl or methyl; 

Mixture 5) comprising compounds of Structures I and/or II wherein each R group independently is 
t-butyl. Isopropyl, methyl or 2-butyl; and, 

Mixture 6) comprising compounds of Structures I and/or II wherein each R group Independently Is 
t-butyl, isopropyl or methoxy. 7 
4 An optical recording element comprising a support and an optical recording layer of an amorphous 
binderless coating of a dye mixture according to claim 1 , 2 or 3. 

5. An optical recording element comprising a support and an amorphous optical recording layer of a 
binder and a dye mixture acoording to claim 1,2 or 3. 

6. An optical recording element according to claim 5 wherein the binder and the dye mixture are 
present in a weight ratio of 1:1. y 
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